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Abstract 

Background and purpose  Hemorrhagic transformation (HT) after intravenous thrombolysis (IVT) in acute ischemic 
stroke seriously affects the prognosis of patients. This study aimed to investigate the risk factors of different types 
of HT and their correlation with prognosis after IVT.

Methods  Based on the CASE II registry, we included patients with acute ischemic stroke who received IVT 
within 4.5 h of onset. HT was further divided into hemorrhagic infarction (HI) and parenchymal hemorrhage (PH). 
Poor outcome was defined as a modified Rankin Scale (mRS) score of 3–6 at 3 months. Multivariate logistic regression 
analysis was used to determine the independent influencing factors of HT subtypes and clinical outcome.

Results  Among 13108 included patients, 541 (4.1%) developed HI and 440 (3.4%) developed PH. In multivariate 
analysis, age (OR 1.038, 95% CI 1.028 to 1.049, p < 0.001), atrial fibrillation (OR 1.446, 95% CI 1.141 to 1.943, p = 0.002), 
baseline diastolic pressure (OR 1.012, 95% CI 1.004 to 1.020, p = 0.005), baseline NIHSS score (OR 1.060, 95% CI 1.049 
to 1.071, p < 0.001) and onset to treatment time (OR 1.002, 95% CI 1.000 to 1.004, p = 0.020) independently predicted 
PH after IVT. In the patients with HT, PH (OR 3.611, 95% CI 2.540 to 5.134, p < 0.001) and remote hemorrhage (OR 1.579, 
95% CI 1.115 to 2.235, p = 0.010) were independently related to poor outcome.

Conclusions  Different types of HT after IVT had different risk factors and clinical significance. The occurrence of PH 
and remote hemorrhage independently increased the risk of poor outcome.
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Introduction
At present, intravenous thrombolysis (IVT) with 
alteplase is the standard treatment for acute ischemic 
stroke [1]. Despite the transient symptom improve-
ment of IVT, hemorrhagic transformation (HT) after 
thrombolysis is a serious complication, which increases 
the risk of poor prognosis [2, 3]. Geet al. showed that 
HT occurred in approximately 10–30%, which seri-
ously affects the thrombolytic rate and clinical outcome 
[4]. A meta-analysis of 14 studies showed that age, 
atrial fibrillation, National Institutes of Health Stroke 
Scale (NIHSS) score before thrombolysis, previous 
stroke history, prior antiplatelet use, systolic or dias-
tolic pressure before thrombolysis and blood glucose 
levels were risk factors affecting HT after IVT [5]. If a 
patient undergoes endovascular therapy, operation-
related factors can also influence HT, such as the num-
ber of device passes [ref1, ref2]. Previously published 
studies of risk prediction in thrombolysis-related HT 
were designed for a less specific subtypes of hemor-
rhage transformation, that is, any type and size of hem-
orrhage. Nevertheless, each type of HT has different 
effect on prognosis. The European Cooperative Acute 
Stroke Study (ECASS)-II study divided HT into hem-
orrhagic infarction (HI) and parenchymal hematoma 
(PH) based on imaging CT findings [6]. PH-2 type has 
been confirmed by multiple studies to seriously affect 
the prognosis of patients, and its case fatality rate can 
reach 50% [7, 8].

The purpose of this study is to explore the possible 
risk factors predicting different subtypes of HT, espe-
cially for PH type that may cause distinct deteriora-
tion in neurological status and functional outcome, in a 
large multicenter stroke database.

Methods
Study subjects
The Computer-Based Online Database of Acute Stroke 
Patients for Stroke Management Quality Evaluation 
(CASE II) is a prospective multicenter registration 
study that aims to establish an online database of acute 
stroke patients for stroke management quality evalua-
tion in China (NCT04487340). Based on CASE II regis-
tration, we included patients with acute ischemic stroke 
who received IVT within 4.5  h of stroke symptom 
onset from December 2016 to July 2021. We excluded 
patients who (1) were treated with endovascular ther-
apy after IVT; (2) had no follow-up images. (3) expe-
rienced HT other than the types of HI and PH, such 
as remote hemorrhage, subarachnoid hemorrhage, or 
intraventricular hemorrhage; (4) lost to follow-up at 
90 days.

Clinical data
The following patient characteristics were recorded from 
the registry database, such as demographics, vascular risk 
factors, prior antithrombotic (antiplatelet and anticoagu-
lant) drugs usage, onset to treatment time (OTT), base-
line National Institutes of Health Stroke Scale (NIHSS) 
score, site and type of HT.

The head CT/MR imaging taken 24  h after IVT was 
reviewed and evaluated by radiologist and neurologists, 
with a consensus reached in case of discrepancies. Refer-
ring to the ECASS-II classification standard [6], HT was 
divided into HI and PH. HI is defined as petechial infarc-
tion without mass effects, while PH is defined as hemor-
rhage with mass effects [9, 10].

Study outcomes
The primary outcome of this analysis was modified 
Rankin Scale (mRS) score at 90  days (good outcome 
defined as a score of 0–2 and poor outcome defined as a 
score of 3–6). Secondary outcomes were mortality within 
7 days, and stroke recurrence at discharge and 90 days.

Statistical analysis
Study participants with HT were dichotomized HI and 
PH. Patients without HT at the same time were used as 
the control group. Continuous variables were expressed 
as mean with standard deviation (SD), while median 
(interquartile range [IQR]), or No. (%) for ordinal vari-
ables. Independent samples t test or Mann–Whitney 
U test was used for the continuous variables, and Chi-
square test or Fisher’s exact test was used to compare the 
dichotomous variables between groups, while as appro-
priate. One-way ANOVA or Kruskal–Wallis test was 
used between multiple groups. Variables with a p value 
of < 0.1 in univariate analyses were included in the binary 
logistic regression model. All statistical analyses were 
carried out with SPSS 24.0 statistical software, and the 
difference was statistically significant with p < 0.05.

Results
The flowchart of enrollment is shown in Fig.  1. From 
December 2016 to July 2021, a total of 18811 patients 
with acute ischemic stroke received IVT within 4.5  h 
from symptom onset in CASE II registration study. 
Among them, 1379 patients were treated with endo-
vascular therapy, 1347 patients did not have follow-up 
images, 146 patients had remote hemorrhage only, and 
2831 patients were lost to follow-up. The main reasons 
for missing follow-up images include early discharge 
due to excellent neurological recovery, patient refusal 
for further examinations due to personal reasons, and 
the inability to conduct comprehensive examinations 
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due to severe deterioration of the patient’s condition. 
Thus, 13108 patients were finally included in this analy-
sis, among which, 981 (7.5%) had HT (4.1% for HI and 
3.4% for PH). Of the included patients, the mean age was 
69.5 ± 12.7 years and 8100 (61.8%) were male; the median 
baseline NIHSS was 5 (3–10) and median OTT was 149 
(109–197) min. The median mRS score at 90 days is 3 in 
HI, but 5 in PH. 428 (3.3%) patients died within 7 days. 
259 (2.0%) patients had stroke recurrence at discharge, 
and 193 (1.5%) at 90 days.

Comparison of baseline data and prognosis stratified 
by the different types of HT
The baseline characteristics and functional outcomes 
stratified by HT type are shown in Table  1. Some base-
line characteristics including age, sex, atrial fibrillation, 
smoking, use of antiplatelet agents and anticoagulant, 
baseline systolic pressure, baseline diastolic pressure, 
baseline NIHSS score, OTT and the incidence of com-
bined remote hemorrhage had reached statistical differ-
ences (all p < 0.05) among patients with HI and PH, and 
the control group. The 7-day mortality, stroke recurrence 
rate at discharge, and 90  day mRS score were higher in 
patients with PH. The baseline characteristics and func-
tional outcomes stratified by presence of HT are shown 
in Additional file 1: Table S1.

Logistic multivariate analysis of HT after IVT
The predictors with marginally significant difference 
(p < 0.1) in univariate analysis were estimated using 
binary logistic regression analysis, as shown in Tables 2 
and 3. Older age, higher baseline diastolic pressure and 
baseline NIHSS score, and longer OTT were associ-
ated with a higher risk of HT. Older age, higher base-
line diastolic pressure and baseline NIHSS score, longer 
OTT, and comorbid atrial fibrillation were associated 
with a higher risk of PH.

Factors influencing the clinical outcome of patients 
with HT after IVT
Table  4 shows the baseline characteristics of patients 
stratified by primary outcome. Multivariate logis-
tic regression analysis resulted in 6 risk factors that 
independently associated with clinical outcome in the 
patients with HT. Patients with PH was more likely 
to have a poor outcome compared with those with 
HI (25.4% vs 55.2%, OR 3.611, 95% CI 2.540 to 5.134, 
p < 0.001). In addition, combination of remote hemor-
rhage also independently increased the risk of poor 
outcome (OR 1.579, 95% CI 1.115 to 2.235, p = 0.010) 
(Table 5).

Fig. 1  Flowchart of enrollment, treatment, and imaging profile. HI hemorrhagic infarction, PH parenchymal hemorrhage, EVT endovascular therapy, 
IVT intravenous thrombolysis
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Discussion
In our study, 7.5% of thrombolysis patients developed 
HT, while PH accounted for 3.4%. Older age, higher 

baseline diastolic pressure and baseline NIHSS score, 
longer OTT, and comorbid atrial fibrillation indepen-
dently predicted PH 24 h after IVT. Moreover, when we 

Table 1  Comparison of baseline characteristics and outcomes of patients with different types of HT

HI hemorrhagic infarction, PH parenchymal hemorrhage, OTT onset to treatment time, mRS modified Rankin Scale. Bold text indicates a p-value < 0.05

Variables Control (12127) HI (541) PH (440) P Value

Age (year) 70 (60–79) 76 (68–82) 78.5 (71–84)  < 0.001
Male, % 7532 (62.1) 314 (58.0) 254 (57.7) 0.033
Medical history

 Hypertension, % 7884 (65.0) 363 (67.1) 300 (68.2) 0.250

 Diabetes mellitus, % 2037 (16.8) 92 (17.0) 65 (14.8) 0.529

 Hypercholesterolemia, % 740 (6.1) 26 (4.8) 26 (5.9) 0.460

 Atrial fibrillation, % 1793 (14.8) 178 (32.9) 153 (34.8)  < 0.001
 Previous ischemic stroke, % 1572 (13.0) 70 (12.9) 69 (15.7) 0.252

 Smoking, % 3031 (25.0) 111 (20.5) 84 (19.1) 0.001
Prior drugs use

 Prior antiplatelet use, % 1749 (14.4) 92 (17.0) 94 (24.1)  < 0.001
 Prior anticoagulant use, % 169 (1.4) 15 (2.8) 11 (2.5) 0.008
 Prior statin use, % 1154 (9.5) 43 (7.9) 54 (12.3) 0.068

 Baseline systolic pressure (mmHg) 154 (140–168) 158 (140–172) 157 (143–170) 0.001
 Baseline diastolic pressure (mmHg) 85 (76–94) 86 (77–96) 86 (78–95) 0.006
 Baseline NIHSS score 5 (2–9) 11 (5–16) 12 (6–18)  < 0.001
 OTT (min) 149 (108–196) 157 (115–207) 155 (110–206) 0.009
 Remote hemorrhage NA 163 (30.1) 249 (56.6)  < 0.001

Fibrinolytic drug 0.519

 rt-PA, % 11920 (98.3) 534 (98.7) 435 (98.9)

 Urokinase, % 207 (1.7) 7 (1.3) 5 (1.1)

7d mortality, % 271 (2.2) 42 (7.8) 115 (26.1)  < 0.001
Stroke recurred at discharge, % 222 (1.8) 11 (2.0) 26 (5.9)  < 0.001
Stroke recurred at 3 m, % 184 (1.5) 6 (1.1) 3 (0.7) 0.259

mRS score at 90d 1 (0–3) 3 (1–5) 5 (3–6)  < 0.001

Table 2  Logistic multivariate analysis for HT after IVT (No HT 
[12127] vs HT [981])

OR odds ratio, CI confidence interval, OTT onset to treatment time. Bold text 
indicates a p-value < 0.05

Variables OR 95% CI p Value

Age 1.029 1.022–1.036  < 0.001
Male 1.104 0.950–1.284 0.197

Atrial fibrillation 1.643 1.390–1.943  < 0.001
Smoking 1.032 0.858–1.242 0.740

Prior antiplatelet use, % 1.261 1.014–1.567 0.037
Prior anticoagulant use, % 1.219 0.780–1.905 0.386

Prior statin use, % 0.747 0.566–0.986 0.040
Baseline systolic pressure 0.999 0.996–1.003 0.753

Baseline diastolic pressure 1.013 1.007–1.018  < 0.001
Baseline NIHSS score 1.055 1.047–1.063  < 0.001
OTT (min) 1.002 1.001–1.004  < 0.001

Table 3  Logistic multivariate analysis for PH after IVT(NO PH 
[12668] vs PH [440])

OR odds ratio, CI confidence interval, OTT onset to treatment time. Bold text 
indicates a p-value < 0.05

Variables OR 95% CI p Value

Age 1.038 1.028–1.049  < 0.001
Male 1.155 0.930–1.832 0.194

Atrial fibrillation 1.446 1.141–1.943 0.002
Smoking 1.054 0.803–1.383 0.705

Prior antiplatelet use, % 1.314 0.969–1.783 0.079

Prior anticoagulant use, % 1.136 0.594–2.174 0.700

Prior statin use, % 0.948 0.652–1.378 0.780

Baseline systolic pressure 1.000 0.994–1.005 0.855

Baseline diastolic pressure 1.012 1.004–1.020 0.005
Baseline NIHSS score 1.060 1.049–1.071 < 0.001
OTT (min) 1.002 1.000–1.004 0.020
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limit the target population to the patients with HT after 
IVT, the occurrence of PH and remote hemorrhage inde-
pendently increased the risk of poor outcome.

HT can show a wide range from petechiae to hema-
toma. HI is considered as extravasation or capillary 
rupture bleeding after recanalization, while PH is bleed-
ing caused by vascular rupture in ischemic area caused 
by reperfusion pressure and can cause space occupying 
effect or ventricular leakage [11–15]. There are many 
factors affecting HT after thrombolysis, but the pre-
diction of risk factors for different types of HT has not 
been uniformly concluded. Previous studies found that 
male, age, previous stroke history, diabetes mellitus, 
baseline NIHSS score, OTT, rt-PA therapy, prior antico-
agulant, infarct size, CT ischemic signs and atrial fibril-
lation were independent predictors for HT [16–18]. On 
the other hand, atrial fibrillation, hyperglycemia, baseline 
NIHSS score, antiplatelet agents and statins, degree of 
substantial low attenuation on baseline CT scan, history 
of congestive heart failure, older age and higher base-
line systolic pressure were predictors of PH [16, 17, 19]. 
Our study found that age, prevalence of atrial fibrillation, 

Table 4  Comparison of baseline characteristics in patients with HT after IVT

mRS modified Rankin Scale, HI hemorrhagic infarction, PH parenchymal hemorrhage, OTT onset to treatment time, rt-PA recombinant tissue plasminogen activator. 
Bold text indicates a p-value < 0.05

Variables mRS 0–2 (342) mRS 3–6 (639) p Value

Age (year) 73 (64–79) 80 (72–85)  < 0.001
Male, % 222 (64.9) 346 (54.1) 0.001
Medical history

 Hypertension, % 224 (65.5) 439 (68.7) 0.317

 Diabetes mellitus, % 51 (14.9) 106 (16.6) 0.523

 Hypercholesterolemia, % 12 (3.5) 40 (6.3) 0.073

 Atrial fibrillation, % 83 (24.3) 248 (38.8)  < 0.001
 Previous ischemic stroke, % 28 (8.2) 111 (17.4)  < 0.001
 Smoking, % 80 (23.4) 115 (18.0) 0.045

Prior drugs use

 Prior antiplatelet use, % 53 (15.5) 133 (20.8) 0.049
 Prior anticoagulant use, % 4 (1.2) 22 (3.4) 0.037
 Prior statin use, % 30 (8.8) 67 (10.5) 0.433

Baseline systolic pressure (mmHg) 156 (140–169) 160 (143–172) 0.026
Baseline diastolic pressure (mmHg) 87 (77–96) 86 (78–95) 0.620

Baseline NIHSS score 6 (3–11) 14 (10–20)  < 0.001
OTT (min) 115 (110–209) 157 (113–206) 0.570

Remote hemorrhage 116 (33.9) 296 (46.3)  < 0.001
Fibrinolytic drug 0.677

 rt-PA, % 339 (99.1) 630 (98.6)

 Urokinase, % 3 (0.9) 9 (1.4)

Hemorrhage type  < 0.001
 HI, % 255 (74.6) 286 (44.8)

 PH, % 87 (25.4) 353 (55.2)

Table 5  Multivariate logistic regression analysis for clinical 
outcome in patients with HT after IVT (mRS 0–2 [342] vs mRS 3–6 
[639])

OR odds ratio, CI confidence interval, NIHSS National Institutes of Health Stroke 
Scale. Bold text indicates a p-value < 0.05

Variables OR 95% CI p Value

Age 1.046 1.029–1.064  < 0.001
Male 0.829 0.577–1.190 0.309

Hypercholesterolemia 1.910 0.859–4.251 0.113

Atrial fibrillation 1.062 0.725–1.557 0.757

Previous ischemic stroke 2.168 1.258–3.738 0.005
Smoking 1.619 1.042–2.514 0.032
Antiplatelet agents 1.026 0.652–1.614 0.913

Anticoagulant 3.005 0.857–10.536 0.086

Baseline systolic pressure 1.004 0.996–1.012 0.279

Baseline NIHSS score 1.185 1.150–1.221  < 0.001
Remote hemorrhage 1.579 1.115–2.235 0.010
PH 3.611 2.540–5.134  < 0.001
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baseline diastolic pressure, baseline NIHSS score and 
OTT were independently related to HT occurred 24  h 
after thrombolysis, so was for PH-type, which was con-
sistent with previous researches [20, 21]. As the older the 
age is, the more vulnerable it is to be affected by the per-
meability of blood–brain barrier (BBB) during ischemia 
[22], the higher the burden of cerebral microbleeds [23, 
24]. Hypertension damages vascular elasticity and exces-
sive blood pressure can easily lead to hyperperfusion 
damage. High baseline NIHSS score indicates large cer-
ebral infarction area which is prone to occur secondary 
severe cerebral edema, compressing the surrounding 
vessels and causing damage and inflammatory reaction 
of the involved vascular endothelial cells, increasing the 
permeability of the vessels, and more likely to cause post 
reperfusion hemorrhage when the vessels are re-passed 
[25]. The longer the OTT is, the longer the ischemia time 
is. Cerebral ischemia causes the explosion of oxygen radi-
cals, the oxidation of phospholipids and fatty acids in 
the cell membrane, and the release of a large number of 
inflammatory factors, resulting in the destruction of the 
blood–brain barriered autoregulatory system of the cer-
ebrovascular, which will easily lead to bleeding during 
reperfusion therapy.

Most studies have suggested that atrial fibrillation is a 
risk factor for spontaneous HT after ischemic stroke, and 
affects the outcome of patients [26, 27]. However, Lou 
et al. found that atrial fibrillation increased the risk of PH 
but not HI, and was not an independent risk factor for 
poor outcome in thrombolytic patients [28] Our study 
also found that atrial fibrillation could independently 
increase the risk of PH, which might be due to higher 
rate of anticoagulant therapy and larger infarct size. In 
addition, atrial fibrillation can lead to severe baseline 
cerebral hypoperfusion, coupled with the acute onset of 
cardiac embolism, so that collateral circulation cannot be 
fully established in a short time, aggravating the degree 
of hypoperfusion and local ischemia, which results in the 
vessels is damaged and vascular permeability is increased. 
When reperfusion therapy is performed, bleeding is 
more likely to occur [29]. Poor collateral circulation is 
significantly associated with HT, even in patients without 
large vessel occlusion. Of course, this relationship is more 
crucial in patients undergoing endovascular therapy [ref 
1]. Our study found that prior antiplatelet therapy was 
independently related to HT, but not PH, which was sup-
ported by the findings of Zhong et al. [30].

Amarenco et al. found that statin therapy increased the 
risk of hemorrhagic stroke [31]. Bang et  al. also found 
that statin therapy was associated with higher risk of 
symptomatic HT [32]. However, contrary to previous 
findings, the use of statins could reduce the risk of HT 
in our study. It is considered that statins may be related 

to inhibiting vascular endothelial inflammatory response, 
improving vascular microcirculation and vascular 
endothelial function [33].

The effect of HT on the outcome of acute ischemic 
stroke is related to its specific type. At present, it is rec-
ognized that patients with PH were more likely to have 
poor outcome [10, 17, 34] but not HI [35], and even 
the early occurrence of HI after thrombolysis may be a 
sign of vascular recanalization [36]. A systematic review 
and meta-analysis found that remote intracerebral hem-
orrhage (rICH) in acute ischemic stroke could lead to 
worse functional outcomes and higher mortality [37]. 
Our study also found that remote hemorrhage indepen-
dently increased the risk of poor outcome. It is consid-
ered that small vessel disease markers (cerebral amyloid 
angiopathy [CAA], white matter hyperintensity [WMH], 
cerebral microbleed [CMB]) are associated with chronic 
endothelial dysfunction and the disruption of the BBB 
across the whole brain, affecting not only the WMHs 
area, but also the normal-appearing white matter and 
cortex [38, 39]. The pre-existing BBB disruption is exac-
erbated after intravenous thrombolysis with alteplase, 
and subsequently prompting rICH [40].

Our study has certain limitations. First, although we 
collected data prospectively through multicenter stroke 
registry, a retrospective design has potential risk of selec-
tive bias. Some patients did not undergo follow-up imag-
ing due to changes in their condition (either significantly 
improved or deteriorated), which might affect the pri-
mary outcome of this study. Second, due to the non-man-
datory nature of certain data submission to the CASE II 
registry, crucial factors such as baseline Alberta Stroke 
Program Early CT Score, admission blood glucose lev-
els and international normalized ratio were not assessed. 
Moreover, potential risk factors linked to HT, such as 
biomarkers, were not incorporated into this analysis. 
Third, the CASE II registry encompasses hospitals of var-
ying levels, where the influence of different operational 
tiers on HT might surpass that of traditional risk factors. 
Hence, this study concentrates on patients only under-
going IVT. However, excluding patients who received 
endovascular therapy clearly limits the potential clinical 
application.

Conclusion
Our study shows that different types of HT after IVT 
had different risk factors and clinical significance. The 
occurrence of PH and remote hemorrhage independently 
increased the risk of poor outcome in those developed 
HT after IVT.

Abbreviations
HT	� Hemorrhagic transformation



Page 7 of 8Hao et al. European Journal of Medical Research          (2023) 28:509 	

IVT	� Intravenous thrombolysis
HI	� Hemorrhagic infarction
PH	� Parenchymal hemorrhage
mRS	� Modified Rankin Scale
NIHSS	� National Institutes of Health Stroke Scale
ECASS	� European Cooperative Acute Stroke Study
OTT	� Onset to treatment time
rt-PA	� Recombinant tissue plasminogen activator
rICH	� Remote intracerebral hemorrhage
CAA​	� Cerebral Amyloid Angiopathy
WMH	� White Matter Hyperintensity
CMB	� Cerebral microbleed
BBB	� Blood–Brain Barrier
SD	� Standard Deviation
IQR	� Interquartile range
OR	� Odds Ratio
CI	� Confidence Interval

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s40001-​023-​01503-x.

Additional file1: Table S1. Comparison of baseline characteristics and 
outcomes of patients with or without HT.

Acknowledgements
Not applicable.

Author contributions
SY and SQ contributed to conception and design of the study; all authors 
contributed to acquisition, analysis, and interpretation of data; YH, HZ and 
CP contributed to drafting/revising a significant portion of the manuscript or 
preparing figures.

Funding
This study was supported by the National Natural Science Foundation of 
China (82171274) and public welfare research plan of Jiaxing Science and 
Technology Bureau (2019AD32168).

Availability of data and materials
The data sets used and/or analysed during the current study are available 
from the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
This study had been approved by the human ethics committees of Second 
Affiliated Hospital of Zhejiang University and each subcenter. All clinical 
investigation had been conducted according to the principles expressed in 
the Declaration of Helsinki. Informed consent was obtained from all patients 
or their legal representatives.

Consent for publication
Not applicable.

Competing interests
We declare that all authors have no competing interests in this article.

Received: 2 June 2023   Accepted: 3 November 2023

References
	1.	 Powers WJ, Rabinstein AA, Ackerson T, et al. Guidelines for the early 

management of patients with acute ischemic stroke: 2019 Update to the 

2018 guidelines for the early management of acute ischemic stroke: a 
guideline for healthcare professionals from the american heart associa-
tion/american stroke association. Stroke. 2019;50:e344–418.

	2.	 Silverman A, Kodali S, Sheth KN, Petersen NH. Hemodynamics and hem-
orrhagic transformation after endovascular therapy for ischemic stroke. 
Front Neurol. 2020;11:728.

	3.	 Yu Y, Zhang FL, Qu YM, et al. Intracranial calcification is predictive for 
hemorrhagic transformation and prognosis after intravenous throm-
bolysis in non-cardioembolic stroke patients. J Atheroscler Thromb. 
2021;28:356–64.

	4.	 Ge WQ, Chen J, Pan H, Chen F, Zhou CY. Analysis of risk factors increased 
hemorrhagic transformation after acute ischemic stroke. J Stroke Cer-
ebrovasc Dis. 2018;27:3587–90.

	5.	 Guo Y, Yang Y, Zhou M, He L. Risk factors of haemorrhagic transformation 
for acute ischaemic stroke in Chinese patients receiving intravenous 
recombinant tissue plasminogen activator: a systematic review and 
meta-analysis. Stroke Vasc Neurol. 2018;3:203–8.

	6.	 Hacke W, Kaste M, Fieschi C, et al. Randomised double-blind placebo-
controlled trial of thrombolytic therapy with intravenous alteplase in 
acute ischaemic stroke (ECASS II). Second European-Australasian Acute 
Stroke Study Investigators. Lancet. 1998;352:1245–51.

	7.	 Liu J, Wang Y, Li J, et al. Treatment and outcomes of thrombolysis related 
hemorrhagic transformation: a multi-center study in China. Front Aging 
Neurosci. 2022;14: 847648.

	8.	 van Kranendonk KR, Treurniet KM, Boers AMM, et al. Hemorrhagic trans-
formation is associated with poor functional outcome in patients with 
acute ischemic stroke due to a large vessel occlusion. J Neurointerv Surg. 
2019;11:464–8.

	9.	 Mozaffarian D, Benjamin EJ, Go AS, et al. Heart disease and stroke statis-
tics-2016 update: a report from the american heart association. Circula-
tion. 2016;133:e38-360.

	10.	 von Kummer R, Broderick JP, Campbell BC, et al. The heidelberg bleeding 
classification: classification of bleeding events after ischemic stroke and 
reperfusion therapy. Stroke. 2015;46:2981–6.

	11.	 Lu G, He Q, Shen Y, Cao F. Potential biomarkers for predicting hemor-
rhagic transformation of ischemic stroke. Int J Neurosci. 2018;128:79–89.

	12.	 Yaghi S, Willey JZ, Cucchiara B, et al. Treatment and outcome of hemor-
rhagic transformation after intravenous alteplase in acute ischemic 
stroke: a scientific statement for healthcare professionals from the 
american heart association/american stroke association. Stroke. 
2017;48:e343–61.

	13.	 Wang W, Li M, Chen Q, Wang J. Hemorrhagic transformation after tissue 
plasminogen activator reperfusion therapy for ischemic stroke: mecha-
nisms, models, and biomarkers. Mol Neurobiol. 2015;52:1572–9.

	14.	 Jickling GC, Liu D, Stamova B, et al. Hemorrhagic transformation after 
ischemic stroke in animals and humans. J Cereb Blood Flow Metab. 
2014;34:185–99.

	15.	 Charbonnier G, Bonnet L, Biondi A, Moulin T. Intracranial bleeding after 
reperfusion therapy in acute ischemic stroke. Front Neurol. 2020;11: 
629920.

	16.	 Jensen M, Schlemm E, Cheng B, et al. Clinical characteristics and outcome 
of patients with hemorrhagic transformation after intravenous throm-
bolysis in the WAKE-UP Trial. Front Neurol. 2020;11:957.

	17.	 Honig A, Percy J, Sepehry AA, Gomez AG, Field TS, Benavente OR. Hemor-
rhagic transformation in acute ischemic stroke: a quantitative systematic 
review. J Clin Med. 2022;11(5):1162.

	18.	 Wen L, Zhang S, Wan K, Zhang H, Zhang X. Risk factors of haemorrhagic 
transformation for acute ischaemic stroke in Chinese patients receiving 
intravenous thrombolysis: A meta-analysis. Medicine. 2020;99: e18995.

	19.	 Paciaroni M, Agnelli G, Corea F, et al. Early hemorrhagic transformation 
of brain infarction: rate, predictive factors, and influence on clinical out-
come: results of a prospective multicenter study. Stroke. 2008;39:2249–56.

	20.	 He W, Ruan Y, Yuan C, et al. High neutrophil-to-platelet ratio is associated 
with hemorrhagic transformation in patients with acute ischemic stroke. 
Front Neurol. 2019;10:1310.

	21.	 Tan S, Wang D, Liu M, Zhang S, Wu B, Liu B. Frequency and predictors 
of spontaneous hemorrhagic transformation in ischemic stroke and its 
association with prognosis. J Neurol. 2014;261:905–12.

	22.	 Kaur J, Tuor UI, Zhao Z, Barber PA. Quantitative MRI reveals the elderly 
ischemic brain is susceptible to increased early blood-brain barrier 

https://doi.org/10.1186/s40001-023-01503-x
https://doi.org/10.1186/s40001-023-01503-x


Page 8 of 8Hao et al. European Journal of Medical Research          (2023) 28:509 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

permeability following tissue plasminogen activator related to claudin 5 
and occludin disassembly. J Cereb Blood Flow Metab. 2011;31:1874–85.

	23.	 Graff-Radford J, Simino J, Kantarci K, et al. Neuroimaging correlates of 
cerebral microbleeds: the ARIC study (Atherosclerosis Risk in Communi-
ties). Stroke. 2017;48:2964–72.

	24.	 Shoamanesh A, Kwok CS, Lim PA, Benavente OR. Postthrombolysis intrac-
ranial hemorrhage risk of cerebral microbleeds in acute stroke patients: a 
systematic review and meta-analysis. Int J Stroke. 2013;8:348–56.

	25.	 Wang R, Zeng J, Wang F, Zhuang X, Chen X, Miao J. Risk factors of hemor-
rhagic transformation after intravenous thrombolysis with rt-PA in acute 
cerebral infarction. QJM. 2019;112:323–6.

	26.	 Chen G, Wang A, Zhao X, et al. Frequency and risk factors of spontaneous 
hemorrhagic transformation following ischemic stroke on the initial brain 
CT or MRI: data from the China National Stroke Registry (CNSR). Neurol 
Res. 2016;38:538–44.

	27.	 Jiao Y, Li G, Xing Y, Nie D, Liu X. Influencing factors of hemorrhagic 
transformation in non-thrombolysis patients with cerebral infarction. Clin 
Neurol Neurosurg. 2019;181:68–72.

	28.	 Lou YP, Yan SQ, Zhang S, Chen ZC, Wan JP, Lou M. Impact of atrial 
fibrillation on clinical outcome in patients with acute ischemic stroke 
undergoing thrombolytic therapy. Zhejiang Da Xue Xue Bao Yi Xue Ban. 
2014;43:28–35.

	29.	 Wang L, Liu L, Zhao Y, et al. Analysis of factors associated with hemor-
rhagic transformation in acute cerebellar infarction. J Stroke Cerebrovasc 
Dis. 2022;31: 106538.

	30.	 Zhong W, Yan S, Chen Z, et al. Stroke outcome of early antiplatelet in 
post-thrombolysis haemorrhagic infarction. J Neurol Neurosurg Psychia-
try. 2022. https://​doi.​org/​10.​1136/​jnnp-​2022-​328778.

	31.	 Amarenco P, Bogousslavsky J, Callahan A 3rd, et al. High-dose atorvastatin 
after stroke or transient ischemic attack. N Engl J Med. 2006;355:549–59.

	32.	 Bang OY, Saver JL, Liebeskind DS, et al. Cholesterol level and symptomatic 
hemorrhagic transformation after ischemic stroke thrombolysis. Neurol-
ogy. 2007;68:737–42.

	33.	 Lv G, Wang GQ, Xia ZX, et al. Influences of blood lipids on the occurrence 
and prognosis of hemorrhagic transformation after acute cerebral infarc-
tion: a case-control study of 732 patients. Mil Med Res. 2019;6:2.

	34.	 van Kranendonk KR, Treurniet KM, Boers AMM, et al. Added prognostic 
value of hemorrhagic transformation quantification in patients with 
acute ischemic stroke. Front Neurol. 2020;11: 582767.

	35.	 Yang T, Jing H, Cao Y, et al. The relationship of the type of intrac-
erebral hemorrhage to early disease evolution and long-term 
prognosis after r-tPA thrombolysis. Clin Appl Thromb Hemost. 
2021;27:1076029621992125.

	36.	 Molina CA, Alvarez-Sabín J, Montaner J, et al. Thrombolysis-related hem-
orrhagic infarction: a marker of early reperfusion, reduced infarct size, 
and improved outcome in patients with proximal middle cerebral artery 
occlusion. Stroke. 2002;33:1551–6.

	37.	 Qiu L, Fu F, Zhang W, He J, Zhan Z, Cheng Z. Prevalence, risk factors, and 
clinical outcomes of remote intracerebral hemorrhage after intravenous 
thrombolysis in acute ischemic stroke: a systematic review and meta-
analysis. J Neurol. 2023;270:651–61.

	38.	 Zhang CE, Wong SM, van de Haar HJ, et al. Blood-brain barrier leakage is 
more widespread in patients with cerebral small vessel disease. Neurol-
ogy. 2017;88:426–32.

	39.	 Chen Y, Yan S, Xu M, Zhong G, Liebeskind DS, Lou M. More exten-
sive white matter hyperintensity is linked with higher risk of remote 
intracerebral hemorrhage after intravenous thrombolysis. Eur J Neurol. 
2018;25:380-e315.

	40.	 Bernardo-Castro S, Sousa JA, Brás A, et al. Pathophysiology of blood-brain 
barrier permeability throughout the different stages of ischemic stroke 
and its implication on hemorrhagic transformation and recovery. Front 
Neurol. 2020;11: 594672.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1136/jnnp-2022-328778

	Prediction factors and clinical significance of different types of hemorrhagic transformation after intravenous thrombolysis
	Abstract 
	Background and purpose 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Study subjects
	Clinical data
	Study outcomes
	Statistical analysis

	Results
	Comparison of baseline data and prognosis stratified by the different types of HT
	Logistic multivariate analysis of HT after IVT
	Factors influencing the clinical outcome of patients with HT after IVT

	Discussion
	Conclusion
	Anchor 19
	Acknowledgements
	References


